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MINI SUPER COMPUTERS 
R. W. Hamming 
July 1989 
Mini super computers arise from the simple fact that usually it is very 
expensive to be on the frontier and that a slight retreat represents a great 
savings in effort and money. Thus it is reasonable to guess that settling for 
half of the top possible speed will decrease the cost by up to a factor of 10; that 
to back off in speed by a factor of 10 will reduce the cost by perhaps 100. 
It is worth noting that mini supers come from the top of the line down, while 
super minis come from below. There are significant differences in the two 
approaches in many aspects to the problem of building and marketing the two 
types, though in theory they could meet some time! 
The attraction of the mini super is given in the first paragraph; surely the 
economics are on the side of the mini super. But this belief needs some 
analysis before believing that the mini super is likely to triumph. In the first 
place there is the implied additivity of money, that it is ten times easier to get 
1/10 of a given amount. But stated this way it is clearly false. The desire and 
the glamour of having the computer on the frontier (what ever it is at a given 
moment) is very compelling, and the budgetary process with all its forms, etc. 
often means that it is only slightly more difficult to get the more costly 
machine. Thus one's instinctive feeling that the market for mini supers 
should be flourishing needs modification, and the fact that many companies 
who have entered the field are no longer there contributes to the necessity of 
thinking hard about the matter. 
Does a mini super that is half as fast mean that two of the machines can do 
the same work? No! The amount of storage that comes with a fast machine 
generally is closely related with its speed - the necessity of having a big 
enough storage to keep the main processors busy is the reason. Indeed, when 
you drop back to half the speed you generally drop back to less than half the 
storage capacity. Thus at one swipe, the practical possibility of doing even at 
half speed certain very large problems is removed and the users must settle 
for not being able to explore parts of the frontier that others with the biggest 
machine can research. 
The reduction of speed by a factor of two means that the turn around time for 
getting solutions is under the most ideal conditions for the user cut in half, 
and likely more because not only is the main internal works of the machine 
half as fast, but also the input and output may be even more slowed down in 
practice. The real super computer generally has the biggest, fastest and best 
input/ output available at the moment, and the mini super is behind there 
too, and likely more than by a factor of two, though one can point to pieces 
that are of the same speed as on the super. 
One competitor to the mini super, besides, of course, the super itself, is the 
special purpose computer which is dedicated, both in design and operation, to 
one problem or a limited range of problems. Thus there are on the market, at 
least in the form of claims, many machines with wildly different architectures 
and designed for different limited classes of problems. 
The troubles with special purpose machines can only, apparently, be 
appreciated by those who have had to run one for a long time and have 
watched what happens in reality. The first and most obvious fault is that in 
most fields of research (and engineering) as we get further and further into 
the problem its nature changes, and the problem outgrows some of the special 
features you have. Some can be compensated for by expanding or by getting a 
newer model, and some simply cannot - thus the path that the research must 
follow is then directed by the particular machine you happened to get - the 
general purpose machine, while it still may be limiting, seems to force the 
direction the research less strongly. 
The general purpose machine because there are often many of them out there 
in the field, either exactly the same or closely the same, means that what 
others learn in their work can be used to help your own installation - that you 
are not totally isolated and must supply all your own needs, find all the 
mistakes, develop all your own tools, etc. The special purpose machine is 
much more costly than it appears in the organization and budget charts. It 
opens one narrow door to the future, but the path is down a single, limited 
hall with high costs of going down it. The general purpose machine is quite 
the opposite in such costs. 
But from the point of view of the philosopher-manager of computing with a 
special purpose computer there is the intellectual cost of the specialization 
that is not shared with the rest of the organization. In the long run it is the 
intellectual resources of a laboratory and not the physical resources that are 
the most important. But no matter how often this is pointed out, people will 
want their special purpose machines and will probably get them. 
Now in the conflict between the general purpose and special purpose 
machines the devotees of the special purpose will claim that they simply 
cannot carry out the needed research without the capacity of the special 
purpose machines they want. This is, of course, not true - there is seldom a 
unique research path to be explored and if one avenue, which is sort of dead 
end anyway, is not explored then there are often others which can be explored 
with a general purpose computer. And in spite of the claims of the special 
purpose machine people, the general purpose machine has the flexibility that 
allows unconventional thinking about future research while the special 
purpose computer effectively puts blinders on the researchers. 
It is hard for management to oppose the special purpose advocate, since the 
advocate has in the long run to carry out the development of the field, and 
you have to give them what they want. Thus we see the mini super has an 
opposition that is peculiar, and it is not monetary arguments at all that cause 
the trouble. The appeal to the special machine that seems to be just what is 
wanted will often beat out even the super itself in the limited area that they 
now think is what they want to do. This appeal is so great that the mini super 
has a hard market to crack. 
I do not feel that the above picture will change much in the near future. The 
repeated failure of the highly touted special purpose machines to last long, 
and the gradual realization of_ the hidden costs, especially to my mind the 
intellectual costs of a special purpose, and hence limiting in vision, machine 
will only slowly be recognized. 
When this happens it will gradually be realiized that there can be a general 
purpose-special purpose machine field of activity. The old analog differential 
analysers were rather general purpose machines, they solved a wide class of 
problems (all things considered). The patch board wiring of them, as well as 
the early IBM computers, were cases of general purpose parts being given a 
special purpose architecture for a given problem. Once past the earliest 
mechanical differential analysers, we could switch from problem to problem 
reasonably easily by simply changing patch boards, switches and dial settings. 
With the demand for speed these days, this means that in designing a general 
purpose-special purpose machine the distance between parts is central. Before 
going down this path let us pause and discuss the merits and demerits of the 
general purpose-special purpose computer. It will have, in a glib way, both all 
the benefits and all the faults of both. When you learn to use one general 
purpose digital computer we are able to pass you on to the next machine with 
comparatively little new learning - with special purpose machines this is 
seldom true and the intellectual costs of learning about the new special 
purpose machine is both costly to those who learn, and limiting to those who 
cannot afford to learn. Maintenance is similar - it is limiting and does not 
transfer well into the future nor even across installations in different 
laboratories which have different special purpose machines. 
While in no way trying to provide the details of the design of a general 
purpose-special purpose machine, it is necessary to explore the major 
problems that appear and indicate how they can be met, especially the 
intellectual costs of learning what it can do and how to do it. See appendix. 
I believe the sketch shows the feasibility and nature of the problem. 
Appendix 
A Tentative Design for a 
General Purpose-Special Purpose 
Digital Computer 
Special purpose computers differ from one another in both its components 
and its architecture (interconnections). For a given class of problems the 
more the details can be incorporated into the components and architecture 
the more we can hope to speed up the solution time and decrease the coding 
time. The extreme of a machine that can solve only one problem (different 
input data, however) can be programmed by flicking one "on" switch! 
Our goal is a flexible machine which before "run time" can be organized 
easily and rapidly to be the special purpose machine we want. When so 
organized all the components that for reasons of speed must be close to each 
other are indeed close. And "close" means close! In one nanosecond light 
travels about 30 cm in a vacuum, and in a pico second (which we are 
beginning to press) 1/300 of a cm. In real circuits one gets about 6/10 to 7 /10 
this velocity due to capacities between wires and components. 
Computers are built of chips which plug into wired boards which in turn plug 
into a "mother board" that in turn has wiring. The words "mother board" 
really mean the large overall wiring which on PC's and small computers is 
indeed a board. 
Thus there are 3 levels at which we can determine the architecture, and we 
have the added flexability of choosing the chips [I doubt that choosing boards 
is worth it, but it will have to be considered some day.] 
We will need a master program resembling the programs that are now in use 
to layout VLSI chips. This program is the heart of the idea. Only chips that 
can be handled by this program can be admitted into the system - the system 
can evolve, therefore to the use of new chips only if the program can be 
upgraded. 
The input to the master program (like that to the VLSI program) is the logic 
and the mathematics of the problem. 
The output of the program is: (1) the placement of the chips on the boards, (2) 
the placement of the boards, (3) the program to set the gates on the chips and 
on the boards to specialize them, and assorted programs for checking 
everything, loading constants, initial conditions, etc. 
.., 
Cl 
It is through the master program that we buffer the individuals from all 
kinds of special knowledge peculiar to the particular general purpose-special 
purpose computer. 
In planning such machines both the master program and the kind of chips 
you build must go hand-in-hand if it is to succeed. 
